I. Introduction
Lightning channels radiate electromagnetic energy covers a wide frequency range extending from a few hertz in the ELF range to beyond the visible region. Rai et al. [1] suggested that Bremsstrahlung might be the operating mechanism for radiation in the UHF or microwave region. Bremsstrahlung is a possible source of UHF or microwave emissions from lightning discharges Rai [2] . The signal strength is high in frequency bands pertaining to VLF (3 -30 kHz) and ELF . This is the cause that researchers have made measurements for these frequency bands. There are relatively few studies on the radiated power in UHF or micro wave regions except the few workers [3 -7] .
Wilson [8] suggested that the strong electric field of thunderclouds could produce electrons with energies up to several MeV. Number of investigators [9] [10] [11] attempted to test his suggestion and obtained positive results that energetic electrons are being produced by high electric fields of thunderclouds. Several observational reports [11] [12] [13] show that the large electric fields which occur in thunderclouds along with lightning discharges are able to produce ≥ 100 keV electrons. D'Angelo [14] has argued that electron energization takes place at return stroke wavefronts in a lightning event. When vertical channel of excessive electrons, called a stepped leader, comes near the ground at a distance of 20 to 70 m above it, a very large electric field of value 10 7 Vm -1 [15] near the ground produces a positively charged return stroke propagating towards the clouds and the leader is effectively connected to the ground potential. The return stroke wavefront carries ground potential upwards, along the partially ionized stepped leader. Since electric field in the return stroke ionizing front is directed upwards, it accelerates electrons downwards. The radius of return stroke channel is of the order of centimeter, while the electron density that the wave front leaves behind the channel is ~ 2 x 10 23 m -3 [16] .
Rai [1] has argued that a Bremsstrahlung emission from fully ionized channel of return stroke is negligible. The purpose of this study is to test whether measurable amounts of power in UHF or microwave regions is emitted from the lightning return stroke or not. In the present study it is shown that the variation of the radiated power with frequency has a Gaussian shape with a maximum value at a certain frequency. Further, it is shown that the lightning return stroke emits an appreciable amount of Bremsstrahlung power in UHF or microwave region.
II. Total Radiation From Thunderstorm
Bremsstrahlung is a radiation when velocity of particles changes due to coulomb interaction with particles of the neighborhood. When electrons are distributed uniformly along every direction, they approach the heavy ions from all directions with all possible speeds. This radiation is isotropic, and the polarization is random. Bremmstrahlung in return stroke plasma is the radiation from electrons under the influence of electric field of the nearly positive charges and due to encounters between electrons and atoms. The former is dominant in highly ionized plasmas like return stroke and later in the partially ionized stepped leader. The minimum distance of impact is the de Broglie wavelength of the particles. Where, ϵ 0 (=8.85x10 −12 Fm −1 ) and μ 0 are permittivity and permeability of the free space, respectively, is a unit vector in the direction of observation, and E is the electric field.
In the far zone, the Poynting energy flows out radially and the field has the character of spherical waves spreading out radially from the accelerated electron.
Classically, an accelerated electron with acceleration f radiates energy. Thus, the total radiation passing through surface area A of a sphere of radius R is P = SdA = The number of electrons, n e accelerated along the return stroke channel of infinitesimally small length dx, is ne = πr 2 Ne dx (5) Where, r is the radius of return stroke, is the number density of electron, x = V t 0 dt and V is the velocity of return stroke.
The return stroke velocity model [17] is written as 
III. Frequency Spectrum
The frequency spectrum of the lightning discharge is obtained from the Fourier transform of the total power of Bremsstrahlung: 
IV. Results and Discussions
Lightning return stroke is a channel of fully ionized plasma, and Bremsstrahlung emission takes place in this plasma due to Coulomb field interaction of electron in its hyperbolic or parabolic orbit around the ion or atom. Electron velocity in the partially ionized channel is non relativistic [2] .
With the help of the accepted values for certain parameters associated with return stroke, we compute the radiated power due to the Bremsstrahlung. Thus for the study of the time and frequency responses of power of the Bremsstrahlung emitted from lightning return stroke, the following values [12] have been taken for the parameters used in Eq. (9) = 10 The magnitude of the electric field is taken as 5 x 10 5 Vm -1 close to the expected break down field in the clouds.
Fig.2 Variation radiated power with time
Variation of the power emitted due to Bremsstrahlung with time is depicted in Fig.2 . It is obvious from the figure that the power has the shape as the sign of inclined integration. The radiated power remains almost zero up to 8 x 10 −7 s and thereafter it rises linearly with time. Rai [2] has argued that fully ionized media like return strokes are completely opaque to the UHF radiations. Thus the entire radiation is absorbed within the return channel and one observes no radiation coming out. In contrary to this report it is found that there is an appreciable amount of radiation coming out from return stroke. This is due to increase in number of electrons to be energized to produce Bremsstrahlung. After 10 −4 s, when channel volume gets increased, the contribution to the Bremsstrahlung power comes out to be its saturation value of 1.9 x 10 6 W. The spectral characteristics of the radiated power of Bremsstrahlung is computed by using Eq.(10) and its variation with frequency is shown in Fig. 3 .The variation of power with frequency has a Gaussian shape with a peak value 7.13 x 10 -5 WHz -1 at frequency 2.5 x 10 10 Hz. It is obvious from this figure that a measurable amount of Bremsstrahlung power in UHF or microwave regions is produced by lightning return stroke. 
V.
Conclusions
